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© Corrosion-resistant permanent magnet and method for preparing the same. 



© A corrosior-resistant R-Fe-B type sintered permanent magnet is produced by: 

causing at least one colloidal noble metal selected from the group consisting of Pd, Ag, Pt a nd Au to be 
"adsorbed in a colloidal" state or " "forming a "thin "layer ^th ereof "throug h vapor" "deposition oh fhlT surface "of "the 
sintered body; applying at least one base metal selected from the group consisting of Ni, Cu, Sn and Co 
containing P sid/or B by electroless plating; and further applying at least one base metal selected from the 
^ same group by electrolytic plating. 

qq The nobte metal layer is 1 - 10 nm thick. The electroless plating layer is no more than 10 um and the 

O electrolytic ple§ng layer is 5 - 60 urn thick. 
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CORROSION-RESISTANT PERMANENT MAGNET AND METHOD FOR PREPARING THE SAME 

This invention relates to a corrosion-resistant permanent magnet and a method for preparing the same. 
DEFINITION 

The symbol "R" represents generally rare earth elements (lanthanides) and Y in this application, and 
these elements are collectively referred to as "rare earth elements" for the purpose of this application. 

There was previously proposed, as an improved permanent magnet of high performance which 
exceeded the highest magnetic properties of the conventional rare earth-cobalt magnet, an Fe-B-R type 
permanent magnet, which was composed as the principal components of iron (Fe). boron (B) and light rare 
earth elements such as neodymium (Nd) and praseodymium (Pr) abundantly available in natural resources, 
and which was free of expensive samarium (Sm) or cobalt (Co) (Japanese Patent KOKAI Publications Nos. 

59- 46008 (1984) and 59-89401 (1984) or EP-A-101552). 

The alloy of the above mentioned magnet has the Curie temperature which is usually in the range from 
300 * to 370 * C. However, another Fe-B-R type permanent magnet having a higher Curie temperature may 
also be prepared by substituting cobalt (Co) for a part of iron (Fe) (Japanese Patent KOKAI Publications 
Nos. 59-64733 (1984) and 59-132104 (1984) or EP-A-1 06949). 

With a view to improving the temperature characteristics, in particular the coercivity iHc, and retaining 
however the Curie temperature equal to or higher than and a (BH)max higher than the above mentioned Co- 
containing Fe-B-R type (i.e., (Fe, Co)-B-R type) rare earth permanent magnet, there was also proposed still 
another Co-containing Fe-B-R type rare earth permanent magnet in which at least one of heavy rare earth 
metals such as dysprosium (Dy) or terbium (Tb) is included as a part of the rare earth elements (R), 
whereby the coerciv.ty iHc was improved further with the (BH)max remaining at an extremely high level of 
not less than 200 kJ/m 3 (25 MGOe (Japanese Patent KOKAI Publication No. 60-34005 (1985) or EP-A- 
134304). 

However, the permanent magnet formed by the Fe-B-R type magnetically anisotropic sintered body, 
while exhibiting the above mentioned excellent magnetic properties, has the contents of the rare earth 
elements and iron, that are apt to be oxidized in air to form gradually stable oxides, as the main 
constituents, so thai, when the magnet is assembled in the magnetic circuit, various problems may occur 
due to oxides formed on the magnet surface, such as decreased output of the magnetic circuit, fluctuations 
in the operation of the various magnetic circuits and contamination of various peripheral devices around the 
magnetic circuits due to scaling off of the resultant oxides from the magnet surface. 

Therefore, with a view to improving the corrosion resistance of the above mentioned F^-B-R typ e 
permanent mag net there was already proposed a permanent magnet having a corrosion-resistant meta l 
plating layer formed on the magnet surf ace by an electroless plating method or by the electrolytic plating 
method (Japanese Pat ent Application No. 58-162350 (1983), now KOKAI publication No. 60-5440 6). 
However, since the permanent magnet is a sintered porous body, there is a risk with these^pj^ting^m^thod 
,that^n_acjoj c_^^ajs ajine solution from the pre-platinq operation may remain within the pores tc ucause 
co rrosion w ith tht? lapse of time, and that, since the magnet body is inferior in its resistance to chemica ls, 
the m aghet _ surf «ice_ may be attacked J dumO-Plajtia a to cause deterioration iru aolh esivity and corros ion 

The results of tests on corrosion resistance with the magnet being left for 100 hours under the 
conditions of the temperature of 80 * C and the relative humidity of 90 % have also revealed that the 
magnetic properties exhibited deterioration of 10 % or more from its initial properties and remained 
extremely unstable. 

Furthermore, as the Fe-B-R type permanent magnet which could successfully solve the disadvantages 
inherent in the abovementioned plating method, spraying method and dipping method, and provide 
stabilized corrosion resistant property over a long period of time, there were also proposed improved 
permanent magnets provided on its surface with a vapor-deposited corrosion-resistant layer composed of 
various metals or alloys '(Japanese Patent Applications No. 59-278489, No. 60-7949. No. 60-7950 and No. 

60- 7951, now corresponding EP-A 0190461). By this vapor-deposition method, oxidation of the surface of 
the magnet body is suppressed, so that the magnetic properties are prevented from deterioration. Also, 
since there is no necessity for corrosive chemicals, etc., hence no apprehension whatsoever of its 
remaining in the magnet body as is the case with the plating method, the permanent magnet as treated by 
this method is capaote of retaining its stability over a long period of time. 
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While the vapor-deposition method is effective for improvement in the corrrston resistance of the 
permanent magnet, it has its own disadvantage such that its productivity is low, so r^t the treatment by this 
method is considerably expensive. 

In view of the foregoing, the present Applicant has made it clear that, by formir.g an electroless plating 

s layer composed of at least one noble metat selected from the group consisting of palladium (Pd), silver 
(Ag), platinum (Pt) and gold (Au) and at least one base metal selected from the group consisting of nickel 
(Ni), copper (Cu), tin (Sn) and cobalt (Co), by an electroless plating method, on the surface of the above 
mentioned Fe-B-R type sintered magnet body, the electroless plating layer becomes dense, such that the 
deterioration of the initial magnetic properties of the permanent magnet may be reduced to not more than 

10 10 % in case of changes in the external environment, such as humidity on cases (Japanese Patent 
Application Nos. 62-73920 (1987), 62-90045, 62-90046 and 62-100980; now corresponding KOKAI Publica- 
tion Nos. 63-238240, 63-255376. 63-254702 and 63-266020). 

However, should the base metal layer be formed by the electroless plating method after the r.oble metal 
layer has been formed on the surface of the permanent magnet, adhesivity of the metal layers become 

is inferior, such that, in the above mentioned tests on corrcsion resistance, it becomes occasionally not 
possible to reduce the deterioration of the initial magnetic properties to 5 % or less. 

In addition, should the base metal layer be formed by the electrolytic plating method after the noble 
metal layer is formed on the surface of the permanent magnet, a tough metal coating would be obtained. 
However, in such case, the rare earth elements as the constituents of the magnet tends to be solved into 

20 the plating solution from the surface of the sintered magnet body to cause the corrosion to start from the 
interior of the magnet body. 

It is a principal object of the present invention to provide an Fe-B-R type permanent magnet having an 
improved corrosion resistance. It is another object of the present invention to provide an Fe-B-R type 
permanent magnet whose magnetic properties and deterioration from the initial magnetic properties is not 

25 more than 5 % when the magnet is left for long time under the atmospheric conditions of a temperature of 
80 *C and relative humidity of 90 %, and further to provide a method for producing such magnet. The 
above objects are solved by the corrosion-resistant permanent magnet as disclossc in independent claim 1 
and the method of making same in independent claim 18. Further advantageous fesiures of the magnet and 
the process are evident from the dependent claims. 

30 With a view to providing an Fe-B-R permanent magne- which has superior adhesivity and corrosion 
resistance and, above all. stable magnetic properties, even when the magnet is 'eft for prolonged time 
under the atmospheric conditions of the temperature of 80 *C and the relative humidity of 90 %, the 
present inventors conducted various investigations concerning surface treatment of the permanent magnet 
body, and found that superior adhesivity and corrosion resistant properties anc highly stabie magnetic 

35 properties may be obtained by applying a composite metal layer comprised of a primary noble metal layer, 
a base metai layer by electroless plating thereon, and another base metal layer applied by electrolylic 
plating on the firstly stated base metal layers. 

This invention therefore relates to an Fe-B-R type permanent magnet having high magnetic properties, 
excellent adhesivity and corrosion resistance, essentially the corrosion resistance when the magnet is left 

40 for long time under the atmosphere of the relative humidity of 90 % at 80 * C. It is concerned with an Fe-B- 
R type permanent magnet having a noble metal layer, an electroless plating layer of base metal and an 
electrolytic plating layer of base metal, stacked on its surface, and exhibiting excellent adherence, lesser 
deterioration from the initial magnetic properties as demonstrated in tests on the corrosion resistance, and 
highly stable magnetic properties. 

45 As a first aspect of the present invention, there is provided a corrosion-resistant permanent magnet 

formed of a sintered body of a permanent magnet consisting essentially of 10 to 30 atomic % of R, wherein 
R is at least one of Nd. Pr, Dy, Ho and Tb. or at least one of Nd. Pr, Dy, Ho and Tb and at least one of La, 
Ce, Sm, Gd, Er, Eu. Tm, Yb. Lu and Y, 2 to 28 atomic % of B and 65 to 80 atomic % of Fe, and having a 
tetragonal phase as a major phase, 

50 said magnet further comprising on the surface of said sintered body: 

a layer of at least one noble metal selected from the group consisting of Pd, Ag, Pt and Au, 

an electroless plating layer, formed on the noble metal layer, of at least one base metal selected from the 

group consisting of Ni, Cu. Sn and Co containing P and/or B, and 

on the surface of said electroless plating layer, a highly adherent metal coating formed of an electrolytic 
55 plating layer of at least one base metal selected from the group consisting of Ni, Cu, Sn and Co, 

the permanent magnet exhibiting deterioration of not more than 5 % from the initial magnetic properties, 
when tested, after being tested for 500 hours under the conditions of a temperature of 80 * C and a relative 
humidity of 90 %. 
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According to a second aspect of the present invention there is provided a method for producing a 
corrosion-resistant permanent magnet comprising: 

providing a permanent magnet sintered body consisting essentially of 10 to 30 atomic % of R, wherein R is 
at least one of Nd, Pr, Dy, Ho and Tb. or at least one of Nd, Pr, Dy, Ho and Tb and at least one of La, Ce, 
5 Sm, Gd, Er. Eu, Tm, Yb. Lu and Y, 2 to 28 atomic % of B and 65 to 80 atomic % of Fe. and having a 
tetragonal phase as a major phase, 

causing at least one colloidal noble metal selected from the group consisting of Pd, Ag, Pt and Au to be 
adsorbed on, or forming a thin layer of at least one noble metal selected from the group consisting of Pd. 
Ag, Pt and Au on the surface of the sintered body, 
io applying at least one base metal selected from the group consisting of Ni, Cu, Sn and Co containing P 
and/or B by electroless plating, and 

applying, on the resultant electroless plating layer, at least one base metal selected from the group 
consisting of Ni, Cu, Sn, and Co, by electrolytic plating, 

thereby to produce the corrosion-resistant permanent magnet exhibiting deterioration of not more than 5 % 

is from the initial magnetic properties, when tested, after being tested for 500 hours under the conditions of a 
temperature of 80 * C and a relative humidity of 90 %. 

Preferably the base metal electroless plating layer includes P and/or B in the amount of no more than 
14 % by weight for P and/or no more than 7 % by weight for B for providing high strength and density of 
the plating layer in cause of Ni and/or Co. 

20 More specifically, the present inventors nave found that, when simply a metal layer composed of at 
least one of base metals selected from the g'oup consisting of nickel (Ni), copper (Cu), tin (Sn) and cobalt 
(Co) is coated on the surface of the above mentioned Fe-B-R type sintered magnet, by the electroless 
plating method, the magnetic properties are deteriorated and become unstable under hostile corrosive 
testing conditions including allowing the magriet to stand for 100 hours at 60 °C at the relays humidity of 

2.0 90 %. In contrast thereto in accordance wifr the present invention, when either a colloid of at least one 
noble metal selected from the group of Pc. Ag, Pt and Au is adsorbed on the surface of the sintered 
magnet body, or an electroless plating layer of at least one base metal selected from the group of Ni, Cu, 
Sn and Co. preferably containing P and/or E (particularly for Ni and/or Co), and an electrolytic plating layer 
of at least one base metal selected from the group of Ni, Cu, Sn and Co, are stackedly formed in this order 

30 on the previously deposited thin layer of nobfe metal as described above, the electroless plating layer is 
further improved in dense texture and adheavity as a result of further formation of the electrolytic plating 
layer, so that the permanent magnet may be protected more fully against changes in the external 
environments, such as humidity or gases. 

The present inventors have also found that, when the electrolytically plated base metal tayer is applied 

35 directly on the surface of the sintered magnet, rare earth elements are solved out into the plating solution 
from the surface of the sintered magnet to accelerate the corrosion from inside of the sintered magnet 
body, whereas, when an electroless plated teyer of at least one base metal containing phosphorus (P), 
boron (B), or phosphorus (P) and boron (B) is applied on the magnet surface and an electrolytically plated 
layer of at least one base metal is then applied on the so-formed electroless plated layer, the rare earth 

40 elements may be prevented from solving out into the plating solution thereby eliminating the corrosion from 
inside of the sintered magnet body. 

The noble metal layer serves to reduce the solving out amount of rare earth elements as well as to 
unify and homogenize the deposited electrofess base metal plating layer by providing uniform initiation of 
deposition. This layer further assures the adhesivity of the upper plating layers. 

45 The electroless base metal plating layer (primary plating layer) serves as a barrier layer to inhibit the 
solving out of rare earth elements during the subsequent electrolytic plating step through penetration of the 
electrolytic plating solution. This layer is befceved to be substantially poreiess as exhibited in the Examples 
(refer to Table 2). 

The outermost plating layer (secondary pteting layer) formed of the electrolytic base metal plating layer 
so serves as a dense and firm anticorrosive layer formed of a thick plating layer of a low cost and being firmly 
adhered to the sintered magnet body. 

In the following preferred embodiments of the invention will be discussed 

According to the present invention, the Saver of the noble metal selected from the group of palladium 
(Pd), silver (Ag), platinum (Pt) and gold (Au) on the surface of the sintered magnet may be formed by 
55 adsorption of a colloid dispersed into a non-aqueous solvent or an aqueous solvent, or by application of any 
one of gas (or vapor) phase film forming methods as known per se, such as, for example, vacuum 
deposition, ion sputtering or ion plating (generally referred) to as "vapor deposition technology"). Preferably, 
the noble metal layer has a thickness of l tc iQ nm (10 to 100 A). 
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According :o the present invention, the method for adsort-ng the noble metal colloid on the surface of 
the sintered magnet preferably consists in dispersing a colloid of at least one noble metal selected from the 
group consisting of Pd, Ag. Pt and Au in a non-aqueous solvent or a neutral aqueous solvent in a pH range 
of 6.0 to 9.0 arci immersing the sintered magnet in the solvent, or in coating a solution containing the metal 
5 colloid dispersed therein on the surface of the sintered magnet 

According to the present invention, as the non-aqueous solvent containing the noble metal colloid 
dispersed therein, hydrocarbons such as benzene, toluene or xylene, halogenated hydrocarbons such as 
trichloro trifluoreethane, chloroform or trichloroethane or ethyl acetate, are most preferred. 

As the neutral aqueous solution containing the noble metal colloid dispersed therein, such solution 
10 containing uniformly dispersed noble metal particles having the particle size of 2 to 5 nm (20 to 50 A), 
which is prod'jced by reducing noble metal salts, such as palladium chlorine, in the presence of a water- 
soluble dispersing agent, with a water-soluble reducing ageriu such as tin chloride or hydrazine, may be 
employed. 

As the wasr-soluble dispersing agent, anionic surfactants, such as sodium dodecylbenzene sulfonate, 
75 may be employed. 

The pH vaiue of the neutral aqueous solution is preferabry 6.0 to 9.0. With the pH value less than 6.0, 
the surface oi the sintered magnet becomes corroded. On tne other hand, with the pH value higher than 
9.0, there is dsficulty in obtaining a solvent in which the noble metal colloid is stably dispersed. 

' According to the present invention, it is preferred that the layer of at least one base metal selected from 

20 the group of Nt, Cu. Sn and Co containing not more than 14 wt% of P and/or not more than 7 wt%.of B, is 
applied by the electroless plating method to a thickness of preferably at least about 0.5 am and not more 
than 10 am (and more preferably 1 (or further 2) to 7 urn). As this type, any type of the electroless plating 
methods known in the art may be employed. The lower limit is selected according to the surface roughness 
of the subst ee body, i.e., sintered magnet surface. However, the thickness of the electroless plating layer 

25 may be reduced when the magnet surface has been machined or finished to a highly flat surface, e.g., by 
polishing, lapsing or equivalent methods. The thickness oi about one urn would be sufficient for the 
sintered magnet surface pretreated by grinding or blasting. 

When the eiectroless piating method is employed, P and/or B derived from sodium hypophosphite, 
dimethylamine boron or sodium boron hydride, employed a? the reducing agent, is inevitably contained in 

30 the base meta: layer. 

The pH vaiue of the electroless plating solution is preferably 6.0 to 9.5. With the pH value less than 6.0, 
the surface oi the sintered magnet becomes corroded. On the Cher hand, with the pH value higher than 
9.5, there occurs no precipitation of base metals. 

The base metal layer formed on the electroless plating layer is deposited by the electrolytic plating 
35 method to a iNckness of preferably 5 to 60 urn, more preferably 5 to 50 urn and most preferably 10 to 25 
um. 

Generally it is preferred for giving a suitable substrate body that the surface of the sintered magnet is 
pretreated by machining, e.g., grinding, cutting and/or san: blasting followed by washing and drying in 
order to provcfe a fresh surface before applying the inventive layers. 



Reason of Uniting Compositional Ratios of Permanent Magnet 

The rare earth elements (R) employed in the permanent magnet of the present invention accounts for 
45 10 to 30 atomic % of the total composition and preferably contains at least one of neodymium (Nd), 
praseodymium (Pr),dysprosium (Dy), holmium (Ho) and terbium (Tb) or optionally further at least one of 
lanthanum (La), cerium (Ce), samarium (Sm) t gadolinium (Gd). erbium (Er), europium (Eu). thulium (Tm), 
ytterbium (Yc). lutecium (Lu) and yttrium (Y). 

Although one of the elements (Nd, Pr, Dy, Ho and Tb) of R usually suffices, a mixture of two or more 
so elements, such as mischmetal or didymium. may be employed in practice for convenience in availability. 

Meanwhile, it is not essential for the elements of R to be pure rare earth elements. That is, technically 
inevitable impurities may be contained in R within the range of industrial availability. 

The elements of R are indispensable in the above mentioned system of the permanent magnet. If the 
amount of R is less than 10 atomic %. the crystal structure becomes the same cubic structure as that of a- 
55 iron, so that high magnetic properties, above all, the high coercivity. cannot be achieved, if the amount of R 
exceeds 30 atomic %, the non-magnetic phase rich in R becomes exessive, and the residual magnetic flux 
density Br is lowered, so that the permanent magnet having superior properties cannot be obtained. 
Therefore, the amount of 10 to 30 atomic % of the rare earth elements is preferred. 
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Boron (B) is also an indispensable element in the permanent magnet of the present invention. If the 
amount of B is less than 2 atomic %, the rhombic structure represents the major phase, such that high 
coercivity iHc cannot be obtained- If the amount of B exceeds 28 atomic %, the non-magnetic phase rich in 
B becomes excessive and the residual magnetic flux density Br is lowered, and hence the permanent 

5 magnet having superior magnetic properties cannot be produced. Therefore, the amount of 2 to 28 atomic 
% of boron (B) is preferred. 

Iron (Fe) is an indispensable element in the above permanent magnet system, rf the amount of Fe is 
less than 65 atomic %. the residual magnetic flux density Br is lowered. On the other hand, if the amount of 
Fe is higher than 80 atomic %, high coercivity cannot be obtained. Therefore, the amount of Fe of 65 to 80 

io atomic % are preferred. 

Also, partial substitution of cobalt (Co) for iron (Fe) in the permanent magnet of the present invention 
results in improved temperature characteristics without impairing magnetic properties of the produced 
magnet. If the amount of substitution by Co for Fe exceeds 20 % of Fe, the magnetic properties are 
undesirablly lowered. The amount of substitution by Co such that the Co substitution for Fe in 5 to 15 

15 atomic % is desirable for obtaining the high magnetic flux density (Br) is increased as compared with the 
case in which Fe is not replaced by Co. 

Meanwhile, although the presence of industrially and technically inevitable impurities besides the 
elements R, B and Fe may be tolerated in the permanent magnet of the present invention, the permanent 
magnet may be produced at reduced costs with improved producibility by partially replacing B by at least 

20 one of not more than 4.0 atomic % of carbon (C). not more than 3.5 atomic % of phosphorus (P), not more 
than 2.5 atomic % of sulphur (S) and not more than 3.5 atomic % of copper (Cu), with the sum of the 
contents of C, P, S and Cu being not more than 4.0 atomic %. 

At least one of the following additive elements may be added for improving of the coercivity, the 
squareness in the demagnetization curves and producibility and lowering the manufacture costs of the R-6- 

25 Fe type permanent magnet. That is, the permanent magnet may be endowed with higher coercivity with 
contents in the permanent magnet of at least one of following additional elements: not more than 9.5 atomic 
% of aluminum (A I), not more than 4.5 atomic % of titanium (Ti). not more than 9.5 atomic % of vanadium 
(V), not more than 8.5 atomic % of chromium (Cr). not more than 8.0 atomic % of manganese (Mn), not 
more than 5.0 atomic % of bismuth (Bi), each not more than 9.5 atomic % of niobium (Nb). tantalum (Ta), 

30 molybdenum (Mo) and wolfram (W). not more than 2.5 atomic % of antimony (Sb), not more than 7 atomic 
% of germanium (Ge). not more than 3.5 atomic % of tin (Sn), not more than 5.5 atomic % Zirconium (Zr), 
not more than 9.0 atomic % of nickel (Ni), not more than 9.0 atomic % of silicon (Si), not more than 1.1 
atomic % of zinc (Zn) and not more than 5.5 atomic % of hafnium (Hf); 

provided that, with the contents in the permanent magnet of not less than two of the above elements, the 
35 contents of these elements summed together need be not more than the maximum amount of that element 

which has the maximum upper limit value of the contents. 

The crystalline phase having the tetragonal crystal structure as the major phase (i.e., at least 50 volume 

% of the sintered magnet) is indispensable in preparing the sintered permanent magnet having superior 

magnetic properties from fine and uniform alloy powders. 
40 The permanent magnet of the present invention is characterized in that the tetragonal crystal structure 

having a mean crystal grain size in the range from 1 to 80 um represents the major phase and in that there 

are contained at least 1 volume % of the non-magnetic phase excluding the oxide phase. 

The permanent magnet according to the present invention a coercivity iHc £ 80 kA/m (1 kOe), a, 

residual magnetic flux density Br > 0.4 T (4 kG), a maximum energy product (BH)max £ 80 kJ/m 3 (10 
45 MGOe), with the maximum value of the energy product (BH)max reaching not less than 200 kJ/m 3 (25 

MGOe). (1 IcOe = 79.6 kA/m, 1 kG = KT 1 T, 1 MGOe = 7.96 kJ/m 3 ) 

When the light rare earth elements, mainly neodymium (Nd) and praseodymium (Pr), account for the 

major portion, such as not less than 50 %, of the rare earth elements R of the permanent magnet of the 

present invention, and when the permanent magnet consists essentially of 12 to 20 atomic % of R, 4 to 24 
so atomic % of B and 74 to 80 atomic % of Fe, the permanent magnet exhibits superior magnetic properties of 

(BH)max of not less than 280 kJ/m 3 (35 MGOe), with the maximum value of (BH)max reaching a value of 

not less than 360 kJ/m 3 (45 MGOe) when the light rare earth metal is neodymium (Nd). 

Also, according to the present invention, as the permanent magnet exhibiting extremely high corrosion 

resistance as demonstrated in the corrosion resistance tests wherein the permanent magnet is left for a 
55 prolonged period of time in an environment of a temperature of 80 * C and a relative humidity of 90 %. that 

having a composition of 11 to 15 atomic % of Nd. 0.2 to 3.0 atomic % of Dy, with the amounts of Nd and 

Dy summed together being 12 to 17 atomic %, 5 to 8 atomic % of B. 0.5 to 13 atomic % of Co, 0.5 to 4 

atomic % of At and not more than 1000 cpm of carbon (C), with the balance being Fe and technically 
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inevitable impurities, is preferred. 
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EXAMPLES 

The present invention will be explained hereinbelow with reference to Examples and comparative 
Examples. 

It is noted that quantitative analysis of the rare earth element Nd solved out into the plating solution was 
performed using a ICAP 575 type emission plasma spectroanalyser. 

Example 1 

Electrolytic iron having a purity of 99.9 %, a ferroboron alloy containing 19.4 % of B, and Nd and Dy 
?5 each having a purity of not less than 99.7 % v/erc? used as the starting material. These ingredients were 
mixed together, melted with high frequency me ting and cast to produce an ingot having a composition of 
14Nd-0.5Dy-7B-78.5Fe in terms of atomic percent. 

The ingot was crushed and pulverized finely to produce finely divided powders having a mean particle 
size of 3 urn. 

20 The fine powders were charged into a metallic dies of a press and, under orientation in a magnetic field 
of 960 kA/m (12 kOe), were pressed under a pressure of l47 B MPa (1.5 ton/cm 2 ) in a direction parallel to the 
magnetic field. The pressed compact was sintered at 1100 " C for two hours under an argon atmosphere. 
The sintered body was subjected to ageing at 800 # C for one hour under an argon atmosphere 
subsequently at 630 * C for one and a naif hour to produce a sintered magnet of 1 3 mm in diameter and 2 
25 mm in thickness having a density of about 7.5 g/cm 3 which is close to 100 % of the theoretical density. 

A test piece of 12 mm in diameter and 1.2 mm in thickness was produced from the sintered magnet by 
grinding using a universal grinder for the circumference and a surface grinder for upper and bottom 
surfaces to remove the black skin of the sintered body followed by washing and drying. This pretreated 
surface generally includes micro-recesses or micro-deffects resulting from micropores in the sintered body, 
30 the surface being greyish-black in color. 

The magnetic properties of the test piece of the sintered magnet are shown in Table 1. 
The above test piece was immersed ror ten minutes in toluene containing a palladium colloid having a 
particle size of about 2 nm (20 A) cfispersed therein to vaporize toluene of the dispersion medium to 
produce a Nd-Dy-B-Fe type permanent magnet having the palladium colloid adsorbed on its surface. The 
35 adsorbed surface showed brown color. 

An electroless nickel plating solution, pH 8.5, containing 0.1 mole/lit. of nickel (Ni), 0.15 mole/lit. of 
sodium hypophosphite, 0.2 mole/lit. of sodium citrate and 0.5 mole/lit. of ammonium phosphate was 
.~ s prepared. The Nd-Dy-B-Fe type permanent magnet having the above mentioned palladium colloid adsorbed 

J on its surface was immersed in this electroless nickel plating solution at 80 * C for 30 minutes, washed with 

40 water and dried. 

The permanent magnet produced had a metallic luster of the electroless nickel plating (i.e., the primary 
plating layer) on its surface. 

The result cf emission plasma spectroanalysis of the permanent magnet using the ICAP 575 type 
. emission plasma spectrometry analyser has revealed that the amounts of palladium (Pd), nickel (Ni) and 
45 prosphorus (P) based on the sample weight amounted to 0.01 wt 0 /©, 1.2 wt% and 0.02 wt%. respectively ~ 
the thickness of the Pd layer was 5.5 nrr, (55 A) and that of the Ni layer containing P was 2.5 urn. 

The above mentioned Nd-Dy-B-Fe type permanent magnet, on the surface of which the electroless 
nickel plating layer had been formed, was immersed in a Ni electrolytic plating solutionof pH 4.5 containing 
240 g/lit. of nickel sulfate, 45 g/iit. of nickel chloride and 30 g/lit. of boric acid, and electroplating was then 
50 performed by applying the current for 45 minutes so that the cathodic current density was maintained at 2.0 
A/dm 2 . The permanent magnet was then washed with water and dried to produce an electrolytic plating 
layer (secondary plating layer). 

The so-produced permanent magnet presented a metallic surface luster of the electrolytic nickel plating 
layer. The result of the emission plasma spectroanalyses has revealed that the electroless nickel plating 
55 layer and the electrolytic nickel plating layers had a total thickness equal to 17 urn. 

Table 2 shows the results of analysis of Nd solved out into each of the electroless nickel plating 
solution and electrolytic nickel plating solution after the end of plating and the results of the tests on 
adhesivity (Pressure cooker testing PCT: 125 * C x 85 % RH x 2 atm. 1 atm = 0.101 MPa). 
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The properties and the state of deterioration of thus produced the permanent magnet of the present 
Example, after the magnet had been left for 500 hours at the temperature of 80 * C and under the relative 
humidity of 90 %, were then measured. The results are shown in Table 1 . 

5 

Example 2 

The sintered magnet body obtained by using the same composition and under the same manufacture 
ccnditions as those of Example 1 was used as the test piece. 
io This test piece was immersed for 15 minutes in pure water in which the palladium colloid having a 

particle size of about 3 nm (30 A) was dispersed. The test piece was then washed with water and dried to 
produce a Nd-Dy-B-Fe type permanent magnet having the palladium colloid adsorbed on its surface. 

An electroless nickel plating solution of pH 8.5 containing 0.15 mole/lit. of sodium hypophosphite. 0.2 
mole/lrt. of sodium citrate and 0.5 mole/lit. of ammonium sulfate, at the Ni concentration of 0.1 mole/lit. was 
75 prepared. The above mentioned Nd-Dy-B-Fe type permanent magnet, which has adsorbed the above 
mentioned palladium colloid on its surface, was immersed in this electroless nickel plating solution at 80 " C 
for 40 minutes, washed with water and dried. 

The produced permanent magnet presented a metallic surface luster of the electroless nickel plating 
layer (primary plating layer). 

20 The result of the emission plasma spectroanalyses of the above mentioned permanent magnet with the 

aic of the ICAP 575 type emission plasma spectroanalyser has revealed that the amounts of Pd. Ni and P 
based on the weight of the sample amount to 0.01 wt%, 1.5 wt% and 0.12 wt%, respectively, while the 
thickness of the palladium layer was 6 nm (60 A) and that of the phosphorus containing nickel layer 
amounted to 2.0 urn. 

25 Then, the above mentioned Nd-Dy-B-Fe type permanent magnet, on the surface of which the 

eiectroless nickel plating layer had been formed, was subjected to electrolytic plating uncer the same 
conditions and with the use of the same composition as those of the preceding Example 1, washed with 
water and dried to produce an electrolytic plating layer (secondary plating layer). 

The permanent magnet thus produced had the metallic surface luster of the electrolytic plating layer. 

30 The result of emission plasma spectroanalyses has revealed that the total thickness of the electroless nickel 
plating layer and the electrolytic nickel plating layer amounted to 15 am. 

The results of analyses of Nd solved out into each of the electroless nickel plating solution and Itie 
electrolytic nickel plating solution after terminationd of plating and the results of the tests adhesivity (PCT: 
125 * C x 85 % RH x 2 atm) are shown in Table 2. 

35 The properties and the state of deterioration of the produced permanent magnet of the present 
Example, after the magnet had bean left for 500 hours under the conditions of the temperature of 80 * C 
and the relative humidity of 90 %, were measured. The results are shown in Table 1. 

40 E^mple 3 

Using the sintered magnet produced under the same conditions and with the use of the same 
composition as those in the preceding Example. 1. as the test pjece, a. Pd-Pt alloy film was applied to a 
thickness of 5 nm (50 A) on the magnet surface by ion-sputtering in a vacuum atmosphere of 6.7 Pa (0.05 
45 Tort). 

The above mentioned sintered magnet, coated by the Pd-Pt alloy film, was then subjected to 
etectroless plating (primary plating) under the same compositions and the same operating conditions as 
those of the Example 1. 

The electroless nickel plating produced had a thickness of 3.0 um and a metallic luster, 
so The above mentioned Nd-Dy-B-Fe type permanent magnet, the surface of which the electrolytic plating 
i2yer had been formed, was subjected to electrolytic plating (secondary plating ) under the same 
composition and with the use of the same conditions as those of the preceding Example 1. to produce an 
electrolytic nickel plating layer. 

The permanent magnet produced presented a metallic surface luster of the electrolytic nickel plating 
55 layer. The result of the emission plasma spectroanalyses have revealed that the total thickness of the 
electroless nickel pla'ring layer and the electrolytic nickel plating layer amounted to 18 um. 

Table 2 shows the results of analyses of Nd solved into each of the electroless nickel plating solution 
and the electrolytic nickel plating solution after termination of each plating and the results ot the tests on 
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adhesivity (PCT: .25 C x 85 % RH x 2 atm). 

The properties and the state of deterioration of the permanent magnet of the present Example thus 
obtained after the magnet had been left for 500 hours under the conditions of 80 * C and the relative 
humidity of 90 % s were measured. The results are shown in Table 1. 

5 

Example 4 

Instead of the electroless nickel plating solution of Example 1, an electroless copper plating solution 
w containing 0.5 mote/lit. of copper (Cu), 0.8 mole/lit. of potassium sodium tartrate. 0.8 mole/lit. of sodium 
hydroxide and 6.3 mole 'lit. formaldehyde was used. In this electroless copper plating solution was 
immersed a sintered magnet test piece, on which the same palladium colloid as in Example 1 had been 
adsorbed, for 60 minutes at room temperature to form an electroless copper plating layer. The resultant 
copper- plating layer had metallic luster with a red-copper color. The electroless copper plating layer had a 
is thickness of 1.5 um according to measurement by an emission plasma spectrometric analyser of the ICAP 
575 type. 

Then, the electroless copper-plated test piece was subjected to electrolytic nickel plating under the 
same plating solution composition and plating conditions as in Example 1 resulting in a plating layer 
thickness of 14 urn in total of the electroless (Cu) and electrolytic (Ni) platings. 
20 Analogous to Example 1, the solved out amounts of Nd into plating solutions (electroless = primary; 
electrolytic = secondary) were measured and are shown in Table 2. Analogous to Example 1, the magnetic 
properties were measured before and after the PCT testing and the results are shown in Table 1 . 

25 Comparative Example 1 

The sinterec magnet with a palladium coating 55 nm (550 A) in thickness, obtained under the same 
manufacture condrtjons and with the use of the same composition as those of the preceding Example 1, 
was subjected tc electroless plating (primary plating) with immersing for 90 minutes otherwise under the 
30 same electroless plating conditions as those employed in the Example 1. The electroless nickel plating 
layer yielded hao a thickness of 10 urn. 

Table 2 shews the result of analyses of Nd solved into the electroless plating solution after termination 
of plating and the results of tests on adhesivity (PCT: 125 * C x 85 % RH x 2 atm). 

Measurements were made on the properties of the permanent magnet after surface treatment as well as 
35 the properties and the state of deterioration of the permanent magnet after the magnet had been left for 500 
hours under the conditions of the temperature of 80 *C and the relative humidity of 90 %. The results are 
shown in Table i. 

40 Comparative Example 2 

The Pd-coated sintered magnet, obtained by using the same composition and the same manufacture 
conditions as those of the preceding Example 1 was subjected to electrolytic plating (only primary plating) 
by using the electrolytic Ni plating solution of the same composition as that of the preceding Example 1 and 
45 maintaining the electric current to flow therethrough at a cathodic current density of 1 A/dm 2 to produce a 
Nd-Dy-B-Fe type permanent magnet having a Pd layer 5.5 nm (55 A) in thickness on the surface of the 
sintered magnet and an electrolytic Ni plating layer 20 urn in thickness on the surface of the Pd layer. 

Table 2 shows the results of analyses of Nd solved into the electrolytic plating solution after termination 
"of plating and the results of tests on adhesivity (PCT: 125 * C x 85 % RH x 2 atm). 
so Measurements were made of the properties of the permanent magnet after surface treatment as well as 
the properties and the state of deterioration of the permanent magnet after the magnet had been left for 500 
hours under the conditions of the temperature of 80 *C and the relative humidity of 90 %. The results are 
shown in Table 1. 



55 



Comparative Example 3 

A Nd-Dy-B-Fe type permanent magnet having a palladium (Pd) layer 6 nm (60 A) in thickness on the 



9 



EP 0 361 308 A1 



surface of the sintered magnet and a Ni plating layer of 19 um in thickness by electrolytic plating on the 
surface of the Pd layer was produced in the same way as in the preceding Example 2, except that, in place 
of forming the Ni plating layer by electroless plating, an electrolytic plating (primary plating) was performed 
by using the same electrolytic plating solution as that in the preceding Example 1 and causing the current 
to flow there through at a cathocic current density of 0.6 A/dm 2 to form an electrolytic nickel plating layer to 
a thickness of 4.5 um. 

Table 2 shows the resurts of analyses of Nd solved into the electrolytic plating solution after termination 
of plating and the results of tests on adhesivity (PCT: 125 * C x 85 % RH x 2 atm). 

Measurements were made on the properties of the permanent magnet after surface treatment as well as 
the properties and the state cf deterioration of the permanent magnet after the magnet had been left for 500 
hours under the conditions of the temperature of 80 * C and the relative humidity of 90 %. The results are 
shown in Table 1. 



Comparative Example 4 

A Nd-Dy-B-Fe type permanent magnet having a Pd-Pt layer of 5 nm (50 A) in thickness on the surface 
of the sintered magnet and a Ni plating layer of 20 um in thickness by electroplating on the surface of th€5 
Pd-Pt layer was produced in the same way as in the preceding Example 3, except that, in place of forming 
the Ni plating layer by electroless plating, an electrolytic plating (primary plating) was performed by using 
the same electrolytic plating solution as that in the preceding Example 3 and causing the current to flow- 
there through at a cathodic current density of 0.6 A/dm 2 to form a Ni plating layer to a thickness of 5.2 um. 

Table 2 shows the results of analyses of Nd solved into the electrolytic plating solution after termination 
of plating and the results of tests on adhesivity (PCT: 125 * C x 85 % RH x 2 atm). 

Measurements were made on the properties of the permanent magnet after surface treatment as well as 
the properties and the state of deterioration of the permanent magnet after the magnet had been left for 500 
hours under the conditions of the temperature of 80 * C and the relative humidity of 90 %. The results are 
shown in Table 1 . 



Effect of the Invention 

With the Fe-B-R type permanent magnet of the present invention, only a small amount of neodymium 
(Nd) is solved out into the plating solution after the end of use of the electrolytic plating solution, as may be 
seen from the embodiments. The magnet exhibits superior adhesivity and undergoes deterioration in the 
magnetic properties of not more than 5 % from the initial magnetic properties after the magnet had been 
left for 500 hours under the hostile anti-corrosive test conditions, above all. under the conditions of the 
temperature of 80 * C and the relative humidity of 90 %. It is most suited as the inexpensive high 
performance permanent m=gnet which is currently most desired. 



DISCUSSION 

As shown in Table 2. the solved-out amount of Nd is reduced to a minimum level (0 to 0.5 ug per 
sintered magnet) due to the presence of the primary plating layer (Examples 1 to 3). whereas the direct 
electrolytic plating (Comparative Examples 2 to 4) suffers an unacceptatrfy great solved-out amount of Nd 
(620 to 880 ug per sintered magnet). The very low level of the solved-out amount of Nd in Examples 1 to 4 
exhibits that the primary plating layer is substantially poreless sufficient to barrier the solving-out of rare 
earth elements contained in the sintered magnet. 

It should be noted thai modification may be made without departing from the gist and concept of the 
present invention as disclosed herein within the scope of the appended claims. 
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Tabte 2 



D 




Solved-Oui Amount of Nd in ug per 
sintered magnet 


Results of Test on Adhesivity 
<PCT:125*C x 85% RH x 2atm)* 






primary plating 


secondary plating 




10 


Ex.1 


electroless plating 


electrolytic plating 


no peeling 






0 


1.5 


for 72 
hours 




Ex.2 


electroless plating 


electrolytic plating 


no peeling 


15 




0.5 


5.4 


for 72 
hours 




Ex.3 


electroless plating 


electrolytic plating 


no peeling 


20 




0 


0 


for 72 
hours 




Ex.4 


electroless plating 


electrolytic plating 


no peeling 


25 




0.4 


5.0 


for 72 
hours 


Comp. 


electroless plating 


- 


peeling 




Ex.1 


0.5 




after 24 
hours 


30 


Comp. 


electrolytic plating 




no peeling 




Ex.2 


620 




for 80 
hours 




Comp. 


electrolytic plating 


electrolytic plating 


no peeling 


35 


Ex.3 


880 


25 


for 30 
hours 




Comp. 


electrolytic plating 


electrolytic plating 


no peeling 


40 


Ex.4 


850 


17 


for 80 
hours 
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Claims 



3* rv&rtj^Y 



1. A corrosion-resistant permanent magnet formed of a sintered body of a permanent magnet 
comprising 10 to 30 atomic % of R, wherein R i s at least one of Nd, Pr. Dy\ Ho and TbTor_at least one of 
Nd. Pr, Dy. Ho and To and at least one of La. C^SnOGd. Er, Eu. Tm. Yb, Lu and Y. 2 to 28 atomic % of B 
and 65 to 80 atomic % of Fe, and having a tetragonarphase as a major phase, 

10 said magnet further comprising^ of said sintered body: 

s ajayer of at least one noble metal selected from the group consisting of^i^^Et^arjcl,^, 
.an_43lectrc>tes^ jonp£d j)njhe noble meta[ laye r, of at least one base metal selected from the 

group consisting of Ni, Cu, Sn and Co, and 

pjljhe^surface of said e lectroless p lating layer, a highly adherent metal coating formed of an electrolytic 
is plating layer of at least one base metal selected from the group consisting of Ni, Cu, Sn and Co, 

2. The permanent magnet of claim 1, exhibiting deterioration of not more than 5 % from the initial 
magnetic properties, when tested, after being exposed for 500 hours under the conditions of a temperature 
of 80 " C and a relative humidity of 90 %. 

3. The corrosion-resistant permanent magnet as defined in claim 1 or 2, in which said noble metal layer 
20 is an adsorbed layer of colloidal noble metal. 

4. The corrosion-resistant permanent magnet as defined in cia^ 1 or 2, in which said noble metal layer 
is a thin layer formed by vapor deposition technology. 

5. The corrosion-resistant permanent magnet as defined in one of the preceding claims, in which said 
noble metal layer has a thickness of 1 - 10 nm. 

25 6. The corrosion-resistant permanent magnet as defined in any of the preceding claims, in which said 
electroless plating layer of base metal has a thickness of 10 urn or less. 

7. The corrosion-resistant permanent magnet as defined in claim 6, in which said electroless plating 
layer of base metal has a thickness of at least about 0.5 urn. 

8. The corrosion-resistant permanent magnet as defined in any of the preceding claims, in which said 
30 electroless plating layer of the base metal has a thickness of 1 - 7 -im, preferably of 2 - 7 urn. 

9. The corrosion-resistant permanent magnet as defined in any of the preceding claims, in which said 
electroless plating layer contains P and/or B, and said base metal for the electroless plating layer is Nd 
and/or Co. 

10. The corrosion-resistant permanent magnet as defined in claim 9, in which P and/or B are present in 
35 the amount of not more than 14 weight % for P and/or not more than 7 weight % of B in the electroless 

plating layer. 

1 1 . The corrosion-resistant permanent magnet as defined in any of the preceding claims, in which said 
electrolytic layer of base metal has a thickness of 5 to 60 urn, preferably of 5 to 50 urn, and most 
preferably of 10 to 25 am. 

40 12. The corrosion-resistant permanent magnet as defined in any of the preceding claims, in which said 
base metal is Ni and/or Cu. 

13. The corrosion-resistant permanent magnet as defined in any of the preceding claims, in which Co is 
substituted for Fe in the sintered body in an amount of 20 atomic % or less of the Fe. 

14. The corrosion-resistant permanent magnet as defined in any of the preceding claims, in which at 
45 least one of additional elements is further included in the sintered body in the amount of not more than the 



50 



55 



value defined 


below: 


9.5 atomic % 


Al. 


9.5 atomic % 


V, 


8.0 atomic % 


Mn, 


9.5 atomic % 


Nb, 


9.5 atomic % 


Mo. 


2.5 atomic % 


Sb. 


3.5 atomic % 


Sn, 


9.0 atomic % 


Ni, 


1.1 atomic % 


Zn, and 


4.5 atomic % 


Ti, 


8.5 atomic % 


Cr. 


5.0 atomic % 


Bi. 
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9.5 atomic % Ta, 
9.5 atomic % W , 
7 atomic % Ge, 
5.5 atomic % Zr, 
5 9.0 atomic % Si, 
5.5 atomic % Hf. 

15. The corrosion-resistant permanent magnet as defined in one of the preceding claims, in which at 
least 50 atomic % of said element R is Nd and/or Pr. 

16. The corrosion-resistant permanent magnet as defined in claim 15, in which said element R is 12 to 
ic 20 atomic %, B is 4 to 24 atomic %, and Fe is 74 to 80 atomic %. 

17. The corrosion-resistant permanent magnet as defined in any of the preceding claims, in which as 
the element R, 1 1 to 15 atomic % Nd, 0.2 to 3.0 atomic % Dy are present with the sum of Nd and Dy being 
12 to 17 atomic %, and B is 5 to 8 atomic %, further, Co being present in an amount of0.5 to 13 atomic %, 
At being present in an amount 0.5 to 4.0 atomic %, and C being not more than 1000 ppm. 

is 18. A method for producing a corrosion-resistant permanent magnet comprising: 

(a) providing a permanent magnet sintered body comprising 10 to 30 atomic % of R, wherein R is at least 
one of Nd. Pr, Dy, Ho and Tt, or at least one of Nd. Pr, Dy, Ho and Tb and at least one of La, Ce. Sm, Gd, 
Er, Eu, Tm, Yb, Lu and Y, 2 to 28 atomic % of B and 65 to 80 atomic % of Fe, and having a tetragonal 
ohase as a major phase, 

20 (b) causing at least one coll: dal noble metal selected from the group consistng of Pd, Ag, Pt and Au to be 
adsorbed on, or forming a t-.m layer of at least one noble metal selected from the group consisting of Pd, 
Ag, Pt and Au on the surface of the sintered body, 

(c) applying at least one base metal selected from the group consisting of Ni, Cu. Sn and Co by electroless 
plating, and 

25 (d) applying, on the results.— electroless plating layer, at least one base metal selected from the group 
consisting of Ni, Cu, Sn, anc Co. by electrolytic plating, 

thereby to produce the corrcsion-resistant permanent magnet exhibiting deterioration of not more than 5 % 
from the initial magnetic prccerty, when tested, after being tested for 600 hours under the conditions of a 
temperature of 80 * C and a "elative humidity of 90 %. 
30 19. The method of claim 18 carried out such as to produce the corrosion-resistant permanent magnet 
exhibiting deterioration of not more than 5 % from the initial magnetic property, when tested, after being 
exposed for 500 hours under the conditions of a temperature, of 80 * C and a relative humidity of 90 %. 

20. The method as defined in claim 18 or 19, in which the step (b) is effected by adsorbing colloidal 
noble metal. 

35 21. The method as defined in claim 18 or 19. in which the step (b) is effected by forming a thin layer 
through vapor deposition technology. 

22. The method as defined in claim 20, in when the adsorption of the colloidal noble metal is effected 
by a colloid dispersed in a nonaqueous medium or a neutral aqueous medium. 

23. The method as defined in claim 22, in which said neutral aqueous meclum is of pH 6.0 to 9.0. 

40 24. The method as defined in any of claims 20 - 23, in which the colloid is dispersed in a diameter of 2 
to 5 nm. 

25. The method as defined in any of claims 13 to 24, in which a reducing agent including P and/or B 
.- and, as the base metal, Ni and/or Co are used vor the step (c)_of electroless plating. 

26. The method as denned in any of claims 18 to 25, in which the step (c) of electroless plating is 
45 effected in a solution of pH 6X) to 9.5. 

27. The method as defined in any of claims 18 to 26, in which the step (b) is effected so as to form a 
noble metal layer of 1 to 10 nm. 

28. The method as defined in any of claims 18 to 27, in which the step (c) is effected so as to form as 
electroless plating layer of base metal in a thickness of not more than 10 urn. 

so 29. The method as defined in claim 28, in which the step (c) is effected so as to form as electroless 
plating layer of base metal in a thickness of 1 to 7 urn, preferably 2 to 7 urn. 

30. The method as defined in any of claims 18 to 29, in which the step (d) is effected so as to form an 
electrolytic plating layer of base metal in a thickness of 5 to 60 urn, preferably 5 to 50 urn . 

31. The method as defined in claim 30, in which the step (d) is effected so as to form an electrolytic 
55 plating layer of base meta! ir.-a thickness of 10 to 25 nm. 

32. The method as oerined in claim 22, in which said nonaqueous medium is selected from 
hycrocarbon, halogenated hydrocarbon and ethyl acetate. 

33. The method as def-ed in any of claims 22 to 24, in which said cotoidal noble metal is prepared 
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through reducing a noble metal salt by a water soluble reducing agent under the presence of a water 
soluble dispersing agent. 

34. The method as defined in claim 21, in which said vapor deposition technology is selected from 
vacuum deposition, ion sputtering or ion plating. 
5 35; The method as defined in claim 25, in which the step (c) of electroless plating is effected so as not 

to exceed 7 % by weight of B and/or 14 % by weight of P in the resultant electroless plating layer. 

36. The method as defined in claim 25. in which said reducing agent is selected from sodium 
hypophosphite, dimethyl amine boron and sodium boron hydride. 

37. The method as defined in any of claims 2 and 20 - 36, in which said base metal is Ni and/or Cu. 

jo 38. The method as defined in any of claims 18 to 37, in which said Co is substituted for Fe in the 
sintered body in an amount of 20 atomic % or less of the Fe. 

39. The method as defined in any of claims 18 to 38. in which at least one of additional elements is 
further included in the sintered body in the amount of not more than the value defined below: 

9.5 atomic % At, 
75 9.5 atomic % V, 

ao atomic % Mn, 

9.5 atomic % Nb. 

9.5 atomic % Mo, 

2.5 atomic % Sb, 
20 3.5 atomic % Sn, 

9.0 atomic % Ni. 

1.1 atomic % Zn, and 
4.5 atomic % Ti. 

6.5 atomic % Cr, 
25 5.0 atomic % Bi, 

9.5 atomic % Ta, 

9.5 atomic % W , 

7 atomic % Ge, 

5.5 atomic % Zr, 
30 9.0 atomic % Si, 

5.5 atomic % Hf. 

40. The method as defined in claim 18, 38 or 39 in which at least 50 atomic % of said element R is Nd 
and/or Pr. 

41. The method as defined in any of claims 18 to 40, in which C is controlled so as not to exceed 1000 
35 ppm in the sintered body. 
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